Introduction
Reflex seizures can be triggered by various stimuli, such as primary sensory stimuli and complex mental activities. Interestingly, accumulating evidence shows that playing specific games can trigger epileptic seizures, which are referred to as gameinduced reflex epilepsy [1] .
Non-electronic and electronic games are generally reported to be associated with reflex epilepsy. Non-electronic games include Mah-Jong [2] , Chinese chess, and card games. An increasing number of computer games, such as online games, personal computer (PC) games, video games [3] , and games on game consoles, belong to the group of electronic games. At present, a considerable number of Chinese individuals, from young children to juveniles and adults were obsessed with playing various games [4] .
Few studies concerning video game-induced seizures or other game-induced seizures discussed the clinical features of their cases [1, 5, 6] . To our observation, a patient with game-induced seizures can experience seizures while playing games or independently of games. Based on whether spontaneous seizures coexisted or not, patients with game-induced seizures can be divided into two groups [7] . Patients who experienced seizures induced not only by a particular game but also independently of a game were assigned to one group. Whereas patients who experienced seizures exclusively triggered by special games without spontaneous seizures were referred to as the other group. From previous reports, we know that with the exception of some pure gameinduced seizures, some other related seizures triggered by games are usually a manifestation of the idiopathic generalized epilepsy (IGE) [1, 3] . Although some researchers studied game-induced seizures [2, 3, 5] , few studies on the differences between these two groups of game-induced seizures have been conducted.
In this study, we sought to analyze the differences in clinical features, therapeutic effects and pathogenesis between the two groups of patients with game-induced seizures.
Materials and methods
Our study was approved by the Institutional Review Board of Xiangya Hospital, Central South University. It is a retrospective study. Between February 2012 and May 2015, a total of 51 patients with various game-induced seizures were assessed at the Epilepsy Outpatient Clinic of Xiangya Hospital, Central South University, Changsha, China. We obtained clinical data of patients from the medical records and protocol-based interviews performed by one of the authors. Clinical data included the gender, age at seizure onset, personal and family history, specific game of seizure activation, frequency and clinical type of seizures related to or not to the game, any antiepileptic therapy and prognosis. We evaluated the age at onset including both the age at onset of the first game-induced seizure and the age at onset of spontaneous seizure. And the inquiry of the special game that triggered seizure included card game, Mah-Jong, Chinese chess, online game, PC game, video game and console game.
The entry criteria for the patients was that patients must had experienced the seizures precipitated exclusively by playing the specific games at least three times. The exclusion criteria were as follows: (1) alcohol or drug abuse, toxin exposure, infection, or fever induced seizures; (2) vasovagal or cardiogenic syncope. Each patient underwent medical examination, neurological examination, video electroencephalography (VEEG) monitoring and brain magnetic resonance imaging (MRI). Twenty-four hours of prolonged VEEG monitoring involved the international 10/20 system and included awake and sleep stages, photic stimulation, hyperventilation as a provocation.
All of the patients underwent periodic clinical protocol-based follow-up and the length of follow-up ranged from 12 months to 5 years. Based on the coexistence of spontaneous seizures or not during the follow-up period, these 51 patients were classified as two groups. Group I was composed of 27 patients who experienced seizures induced by particular games and independently of games. Group II included 24 patients who experienced seizures exclusively caused by playing particular games. A total of three patients in Group I had a family history of epileptic seizures, and four patients in Group II had preliminary hypertension. The other patients in our study did not have any comorbidities. Most of the patients in our study were obsessed with related games and spent more than 3 h playing related games everyday.
Statistical approach
Demographic and relevant clinical variables were summarized descriptively to characterize the study population. After testing for the normal distribution of the data, differences between groups were analyzed through either parametric or nonparametric statistics. The statistical analyses were performed using two sample t-tests, Pearson's Chi-square test, Fisher's exact test, and the Mann-Whitney U test. All of the tests were performed at a level of significance of 5% (P < 0.05). Statistical analyses were conducted using SPSS Version 13.0 (SPSS Inc., Chicago, IL, USA).
Results

Clinical features
The 51 patients were categorized according to the ILAE classification of epilepsies and epileptic syndromes [8] based on details of patients' history, seizure description (seizure at onset, frequency, semiology, precipitating factors and drug response), ictal and interictal VEEG findings and brain MRI findings. Seizure semiology was provided by two witnesses who were usually patients' classmates, colleagues, friends, parents, sisters or brothers.
The demographic and clinical data of the patients in two groups are summarized in Table 1 . In Group I, the majority of patients were men (74.07%), aged 12-24 years (mean, 16.0 years), with an age at onset ranging from 7 to 23 years (mean, 13.9 years). The duration of epilepsy ranged from 12 to 60 months (mean, 25 months). In Group II, the majority of patients were also men (75%), aged 31-62 years (mean, 48.4 years), with an age at onset ranging from 30 to 60 years (mean, 46.9 years). The duration of epilepsy ranged from 12 to 27 months (mean, 15 months).
Clinical seizure patterns and specific reflex activation
In Group I, all of the 27 patients experienced spontaneous seizures independently of games. Sixteen out of twenty-seven patients experienced GTCs only while playing video game, online game, games on game console, PC game or card game. Nine cases exhibited paroxysmal involuntary rapid myoclonic jerks of limbs, or orofacial myocloni, while playing video game, online game, or card game. Recurrent myoclonic jerks were sometimes accompanied by GTCs. Two cases suddenly experienced absence seizure during the process of playing PC game/video game and followed by GTCs. And one out of these two patients also experienced myoclonic jerks.
In Group II, all of the 24 patients exclusively experienced seizures induced by playing games. Partial seizures with secondary generalization (PSSG) were discerned in 13 patients while playing card game, Mah-Jong, or Chinese chess. These 13 patients experienced paroxysmal insanity, dysmnesia, lip smacking, or upper extremity automatisms, and all of them followed GTCs. GTCs alone was observed in other 8 patients while playing card game, Mah-Jong, or Chinese chess, and GTCs were preceded by a period of prodromal symptoms, including dizziness, mental cloudiness, fragmentation of thinking. Other three patients exhibited absence seizure while playing Mah-Jong or Chinese chess.
The major seizure precipitating factors in Group I were electronic games, including video/TV game, game on game console, online game, PC game. Whereas two patients also experienced seizures induced by playing card game. However, the major seizure activation factors in Group II were non-electronic games, including card game, Mah-Jong, Chinese chess. The latency to occurrence of an actual seizure ranged from 0.5 to 6 h (mean,1.8 h) in Group I, while those playing non-electronic games showed a time lapse ranged from 3 to 10 h (mean, 6.2 h) in Group II.
VEEG and brain MRI data
In Group I, generalized multiple-spike waves or multi-spike and wave discharges appeared in 25 patients' ictal/interictal VEEGs recordings. Bilateral, generalized, synchronous, symmetrical, 3-to 4-Hz spikes and wave complexes appeared in two patients' ictal VEEGs. In Group II, spike waves in unilateral or bilateral temporal regions appeared in interictal VEEG recordings of ten patients. Generalized multi-spikes and wave discharges appeared in six patients. Among these six patients, the EEG recordings of three patients were suggestive of focal epilepsy with secondarily generalized discharges, because spike waves in unilateral frontotemporal area were obvious. The other three patients' EEG recordings did not have obvious laterization of spike waves. And bilateral generalized synchronous 3 Hz spikes and wave complexes appeared in three patients. Other five patients' VEEG recordings were normal. Brain MRIs results were normal in all patients in Group I. But brain MRIs results demonstrated mild brain atrophy in seven patients in Group II.
Therapy and prognosis
In total, 40 patients were administered with valproate (VPA) or magnesium valproate sustained (VPA-Mg) monotherapy on a regular basis. All of the patients had consecutive follow-up except one patient who had an accident in Group I. At the initial visit, every patient was required to avoid playing ''triggering'' games. Comprehensive treatment, including VPA/VPA-Mg and/or behavior intervention, was effective for patients in both groups, and there was no significantly difference between two groups (P > 0.05, Table 1 ), but VPA/Mg-VPA therapy yielded quite different results between two groups (P < 0.001, Table 1 ). Since each patient in Group I received VPA/Mg-VPA therapy, it was difficult to distinguish the effect between VPA/Mg-VPA therapy and behavioral intervention in Group I. Interestingly, eleven patients in Group II refused medication, six of these patients stopped playing the related games and were seizure free. In contrast, four patients experienced a marked seizure reduction by reducing the frequency of playing the related games, and one patient continued playing the related games as usual and had game-induced seizures as before. The other 13 patients received regular VPA therapy, and the seizures of three of these patients were controlled even when they continued playing the related games. Six patients experienced a decrease in seizure frequency after they reduced the time spent playing the related games, whereas the seizures of the remaining four patients could not be effectively controlled unless they decreased the frequencies of playing the related games. We compared the effect between accepting VPA/Mg-VPA therapy and refusing AEDs and found no significant difference (Table 2 ).
Discussion
In our study, we found that the mean age at onset was significantly younger in Group I than in Group II (P < 0.001, Table 1 ). Together with the clinical features and VEEG findings, the reflex epilepsy of twenty-seven patients in Group I were classified to adolescent-onset IGE, including IGE with GTCS alone (59.26%), juvenile myoclonic epilepsy (JME) (33.33%) and juvenile absence epilepsy (JAE) (7.41%), which is consistent with previous reports [1, 9] . In contrast to these reports, JME was not the most common pattern in IGE. Instead, IGE with GTCS alone was the most commonly found pattern in our study. This result may be related to the relatively small number of subjects in our study, and reflex seizures can always overlap with IGE [10] . So myoclonus or absences may be neglected. However, in Group II, patients with game-induced seizures were adulthood (mean, 46.9 years) onset, which is similar with the study of Lee [11] . Thirteen patients experienced pure game-induced PSSG, which is partly accordance with previous report [7] . Eight patients experienced game-induced GTCS alone, and three patients experienced game-induced ABS. While pure game-induced ABS were not reported in previous studies [7, 11] .
The pathogenesis underlying game-induced seizures has not been well established. We agree that complex factors are involved in ictogenic mechanisms [12] . Our study revealed that two types of game-induced seizures present different clinical characteristics, which implied that different ictogenic mechanisms were responsible for game-induced seizures between the two groups. Our study showed that playing electronic games was the major precipitating factor of seizures in Group I, suggesting that photosensitivity may play an important role in ictogenesis in Group I. In fact, photosensitivity is an important genetic character of photosensitive IGE. In our study, patients in Group I are all diagnosed with IGE and ten patients with a photo-paroxysmal response to intermittent photic stimulation (IPS) were observed in Group I. Therefore, genetic factors may be a major cause of the video game-induced seizures in Group I. Our finding is consistent with previous studies [13, 14] . Moreover, the study by Tauer and coworkers [15] found two photosensitivity-related susceptibility loci, depending on the familial background of IGE. The locus on 6p21.2 seems to predispose to photosensitivity itself, whereas the locus on 13q31.3 also confers susceptibility to IGE. Though the limited frequencies (1-30 Hz) used during the IPS procedure, it is possible that we did not detect patients who are only sensitive to high frequencies (30-60 Hz) of IPS [16] . In addition, higher cognitive activities may contribute to the generation of gameinduced seizures [17] . Electronic game playing always requires complex visuomotor coordination and decision-making, and both of these processes are regarded as a praxis induction (PI). PI is one of the reflex epileptic traits that have been the focus of previous studies [12, 18] , particularly among younger male patients with JME or JAE [18, 19] . In this study, pattern sensitivity was not tested in the patients. Other non-specific factors, such as excessive strain, excitement, stress, and sleep deprivation, may also contribute to the genesis of game-induced seizures [6, 20] . We recognized that the Group II patients were adult onset and had seizures precipitated by the involvement of higher mental activities. We observed that these patients experienced seizures while playing Mah-Jong, Chinese chess or card games. In fact, this type of game-induced reflex seizure is an extension of the MahJong-triggered reflex seizures that were described in previous reports [2, 11] . These are all cognitively demanding games that involve substantially higher mental processing and outputs, including memory, concentration, calculations, reasoning, strategies, sequential thinking, and action planning. As is well-known that cognitive function is closely related to the temporal lobe [21, 22] . Our results demonstrated that thirteen patients experienced complex partial seizures while playing related games in Group II and ten patients' interictal VEEG recordings showed spike waves in unilateral or bilateral temporal regions. Playing MahJong, Chinese chess or card games involve a direct activation of temporal structures. We speculate that game-induced PSSG may be a special temporal lobe epilepsy (TLE), which is supported by previous study [23] . Whishaw found that training on the task induced reflex epilepsy in granule cell and CA3-4-damaged rats, and concluded that residual portions of the hippocampus were activated by training and were involved in production of the epileptic attacks [23] . Pure game-induced seizures may provide new assumption to link the pathophysiology of ictogenesis with recent progress in cognitive neurosciences. They may stem from hypersynchronization and/or hyperexcitability of a group of neurons. Single neurons in the medial temporal lobe of patients with game-induced seizures may be activated selectively by a specific game.
In addition, patients in Group II are older than in Group I, and most patients in Group II did not have any etiology or antecedent. Instead, they enjoyed playing specific games for two to four decades without seizure. Moreover, the seizure latency is significantly longer in Group II than in Group I. We speculate that age-related changes in brain excitability may related to the genesis of reflex seizures in Group II patients. This is in line with the study by Koepp and coworkers [24] , which reported that the complexity of stimuli increases from simple sensory to complex cognitive-emotional with increasing age of onset. The topography of physiological networks involved follows the posterior-toanterior trajectory of brain development, reflecting age-related changes in brain excitability. Reflex seizures and traits probably represent the extremes of a continuum, and this underlying mechanisms might elucidate the transition of normal physiological function to paroxysmal epileptic activity [24] . Furthermore, the brain MRI results of these thirteen patients in Group II are normal, but seven patients' MRI results demonstrated mild brain atrophy in Group II. It is reported that neural plasticity can be modulated by individual specific behaviors over a long period of time, which may affect the degenerative processes of the brain differently [25, 26] . Though on account of the limitation of small sample of our study, it is still vague in the relationship between the degeneration of brain structures, function and the activation of neurons, which requires further specific longitudinal studies on large populations and Multiple-mode functional magnetic resonance imaging (fMRI) studies to explore in future. And none in Group II were photosensitive. In comparison with all of the abovediscussed factors, photosensitivity may contribute little to the ictogenesis in Group II.
As previously mentioned, sleep deprivation is a risk factor for the occurrence of game-induced seizures. The seizure latency after playing seizure-inducing games is shorter in Group I than in Group II (P < 0.001, Table 1 ). On the one hand, we observed more electronic-game playing in Group I than in Group II (P < 0.001, Table 1 ), suggesting that the seizure latency is relatively shorter for electronic games than for non-electronic games. Photosensitivity is thought to cause various signs of hypersensitivity in the central nervous system, and hypersensitivity is believed to be related to fatigue [27] , which may explain the shorter seizure latency observed in Group I. Conversely, we speculate that sleep deprivation may have greatly contributed to the seizure activation observed in Group II in terms of its longer seizure latency (P < 0.001, Table 1 ).
VPA/VPA-Mg alone was effective in controlling game-related seizures associated with IGE in the patients in Group I (Table 1) . However, the administration of AED therapy to patients with pure game-induced seizures had uncertain benefits and may be unnecessary for patients in Group II [28] ( Table 2 ). The most effective preventive measure would include the avoidance of playing related games as much as possible. Behavioral intervention may be the focus of the study of game-related seizures in the future.
We observed the clinical features of patients in our study are partly different from the previous reported cases with gameinduced seizures [1, 29] . We agree that some relevant factors may contribute to the distinct clinical manifestations, such as special popular games in different society, different cortical organization, ethnic and genetic factors in populations. Moreover, the age difference between two groups are related to the fact that different age groups preferred different games. In China, most of young people are less likely to play Mah-Jong, Chinese chess or card game.
A main limitation of present study is that we can not be completely certain about the behavior of this game-induced epilepsy among individuals of other ethnic origins, since the genetic component is also an important factor in the phenotypic behavior of reflex seizures. Larger sample, multi-center research is required to confirm our findings and better inform the aspects of clinical features of game-induced epilepsy. Moreover, pattern sensitivity or attempts to precipitate seizures in the laboratory using psychological activation techniques was not done in our study, which requires in-depth research in the future.
Conclusion
Our results demonstrate that there are obvious genetic differences between patients with game-induced epilepsy. And patients with game-induced epilepsy can be divided into two significantly different types of reflex epilepsy based on clinical characteristics. Patients with game-induced seizures and coexistent spontaneous seizures present with adolescent-onset, associated photosensitive IGE, and could be effectively treated with VPA/VPA-Mg therapy. In contrast, patients with pure gameinduced seizures showed adult-onset and part of them are associated TLE, presented an uncertain response to VPA, but, likely a response to behavioral intervention and a benign prognosis. Therefore, it is necessary to differentiate between the types of game-induced epilepsy and provide the appropriate intervention measures.
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